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APPENDIX A 
"CLEAN" VERSION OF EACH PARAGRAPH/SECTION/CLAIM 
37 C.F.R. § 1.121(b)(ii) AND (c)(i) 

CLAIMS (with indication of amended or new): 

(Amended) 4. A laser arrangement according to claim 2, characterized in that a 
respective polarization-sensitive beam divider (10, 5) is provided in the path of the laser beam (6) 
on both sides of the polarization rotating means (8). 

(Amended) 6. A laser arrangement according to claim 1, characterized in that the means 
for passive mode-locking is a saturable absorber (15). 

(Amended) 8. A laser arrangement according to claim 6, characterized in that the 
saturable absorber (15) is an absorber mirror terminating the one resonator arm (1 1). 

(Amended) 9. A laser arrangement according to claim 1, characterized in that in the one 
resonator arm (1 1) which is active in the pulse forming phase (21), a linear loss element, e.g. a 
1/4 platelett (13), is arranged which provides for a high energy accumulation in the laser crystal 
(3). 

(Amended) 10. A laser arrangement according to claim 2, characterized in that the 
pump unit (2) is a continuous wave diode pump unit forming, in combination with the 
polarization rotating means (8), a resonator part (20) common to both resonator arms (11, 12). 

(Amended) 11. A laser arrangement according to claim 2, characterized in that the 
pump unit (2) is lamp-pumped or laser-pumped, forming, in combination with the polarization 
rotating means (8), a resonator part (20) common to both resonator arms (1 1,12). 
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APPENDIX B 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 
37 C.F.R. § 1.121(b)(iii) AND (c)(ii) 

CLAIMS: 

4. A laser arrangement according to claim 2 [or 3], characterized in that a respective 
polarization-sensitive beam divider (10 5 5) is provided in the path of the laser beam (6) on both 
sides of the polarization rotating means (8). 

6. A laser arrangement according to [any one of claims 1 to 5] claim 1 , characterized in 
that the means for passive mode-locking is a saturable absorber (15). 

8. A laser arrangement according to claim 6 [or 7], characterized in that the saturable 
absorber (15) is an absorber mirror terminating the one resonator arm (1 1). 

9. A laser arrangement according to [any one of claims 1 to 8] claim 1, characterized in 
that in the one resonator arm (11) which is active in the pulse forming phase (21), a linear loss 
element, e.g. a 1/4 platelett (13), is arranged which provides for a high energy accumulation in the 
laser crystal (3). 

10. A laser arrangement according to [any one of claims 2 to 9] claim 2 , characterized in 
that the pump unit (2) is a continuous wave diode pump unit forming, in combination with the 
polarization rotating means (8), a resonator part (20) common to both resonator arms (11, 12). 

11. A laser arrangement according to [any one of claims 2 to 10] claim 2 , characterized 
in that the pump unit (2) is lamp-pumped or laser-pumped, forming, in combination with the 
polarization rotating means (8), a resonator part (20) common to both resonator arms (11, 12). 
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A Laser Arrangement 

The invention relates to a laser arrangement com- 
prising a pump unit containing a pumped laser crystal, 
and further comprising means for passive mode-locking. 

Such laser arrangements are particularly provided 
as short pulse laser arrangements, wherein short laser 
pulses are generated with high energy in the mode- 
locked state. These short pulse laser arrangements are 
advantageously used for high-precision material proc- 
essing or for scientific tasks. As regards the genera- 
tion of short laser pulses, reference may be made, 
e.g., to the general statements in WO 98/10494 A as 
well as in A. Stingl et al . : Generation of 11-fs pulses 
from a Ti: sapphire laser without the use of prisms; Op- 
tics Letters Vol. 19, No. 3, 1 February 1994, pp. 204- 
206. 

The standard technique for generating short laser 
pulses with high energy is based on the technique of a 
laser oscillator and a laser amplifier. The laser os- 
cillator generates a sequence of short laser pulses of 
low energy, e.g. with a repetition frequency in the 
range of some ten Mhz . From these oscillator pulses, 
pulses with a lower repetition frequency are selected 
and amplified in a regenerative or so-called multi-pass 
amplifier to give pulses of high energy. 

An all-in-one concept is preferably used, in which 
merely one laser is provided which is used both as os- 


cillator and also as regenerative amplifier, by simply 
performing the pulse formation (at low energies) on the 
one hand, and the amplification (to high energies), on 
the other hand, at different times. Known laser ar- 
rangements of this type (cf. e.g. L. Turi, T. Juhasz: 
Diode-pumped NdrYLF all-in-one laser; Optics Letters 
Vol. 20, No. 14, 15 July 1995, pp. 1541-1543), compris- 
ing a laser both for the oscillator function and also 
for the amplifier function, use active mode-locking 
with an acousto-optic modulator. Since the active mode- 
locking is not very efficient, the minimum pulse dura- 
tion obtainable is relatively long, and moreover, a 
complex electronic circuitry is required for the time 
control and stabilization, respectively, to achieve a 
reliable long-term operation. 

On the other hand, in laser arrangements it is 
generally known - as results from the previously men- 
tioned document WO 98/10494 A, to design a passive 
mode-locking, in particular also with a saturable ab- 
sorber. Other possible ways for passive mode-locking 
are, e.g., the utilization of the Kerr effect (so- 
called Kerr lens mode- locking, KLM) , the use of non- 
linear mirrors (non-linear mirror mode-locking, NLM) , 
the application of a non-linear polarization rotation 
in optic crystals or cascaded non-linear processes of 
the second order. 

It is now an object of the invention to provide a 


laser arrangement of the initially defined type which, 
when using a passive mode-locking, allows for an all- 
in-one construction of the laser, wherein the advantage 
is used that a passive mode-locking causes a much 
stronger amplitude modulation than an active mode-lock- 
ing and stable short pulses in the pico- or femto-sec- 
ond range can be generated, i.e. with pulse durations 
near the possible lower limit value, which is given by 
the finite amplification bandwidth of the laser mate- 
rial used. Here, also the problem must be solved that 
passive mode-locking devices, such as saturable absorb- 
ers, on the other hand provide an upper limit to the 
raising of the energy, due to their low destruction 
threshold value, and moreover, with an excessive satu- 
ration of the absorber, also instabilities are caused. 
The invention now is based on the idea to distribute 
the resonator to two different sub-resonators active at 
different times, with the sub-resonators providing the 
different tasks, i.e. the pulse formation by using the 
passive mode-locking, on the one hand, with high reso- 
nator losses corresponding to the low power levels, 
and, on the other hand, the amplification to high pulse 
energies . 

The inventive laser arrangement of the initially 
defined type therefore is characterized in that two 
separate, alternatively switchable resonator arms are 
provided, one of which, which is active in the one 


pulse forming phase, comprises the means for passive 
mode-locking, whereas the other resonator arm, which is 
active in an amplifying phase, is free from components 
that introduce losses. In the present laser arrange- 
ment, thus, different resonator parts are used at dif- 
ferent times, wherein in the one phase, when the short 
laser pulses having a low energy are generated, the one 
resonator arm is active with the arrangement for pas- 
sive mode-locking, with high resonator losses corre- 
sponding to the low power values prevailing; after the 
pulse formation, the resonator is switched over so that 
the other resonator arm becomes active, wherein the 
means for passive mode-locking is no longer present in 
the resonator, and an amplification to high pulse ener- 
gies becomes possible with a view to the high resonator 
quality of the resonator now active. 

Suitably, the polarization of the laser beam is 
utilized for switching, and accordingly, for a simple 
embodiment of the laser arrangement it may be provided 
that for switching between the two resonator arms, at 
least one polarization-sensitive beam divider as well 
as a polarization rotating means is provided. To this 
end, preferably a Pockels cell is used as the polariza- 
tion rotating means; such a Pockels cell may be con- 
trolled electrically so as to rotate the polarization 
direction of the laser beam passing therethrough - by 
90°. In combination with another appropriate polariza- 


tion-sensitive beam divider, thus, the laser beam can 
be directed into the other resonator arm after this 
switching. 

It is particularly advantageous if one polariza- 
tion-sensitive beam divider each is arranged in the 
path of the laser beam on either side of the polariza- 
tion rotating means , In this instance, the polariza- 
tion-sensitive beam divider provided on the side of the 
polarization-rotating means facing away from the means 
for passive mode-locking may form a laser beam out-cou- 
pling element so as to couple out the amplified laser 
pulses . 

As a means for passive mode-locking, preferably a 
saturable absorber is used, as is known per se. 

The saturable absorber advantageously may be a per 
se known saturable semiconductor absorber. 

Moreover, for a compact, efficient resonator em- 
bodiment it is also advantageous if the saturable ab- 
sorber is an absorber mirror terminating the one 
resonator arm, which absorber mirror in particular is 
s emi conduc tor-bas ed . 

To introduce the desired losses in the laser beam 
during the pulse forming phase, it is also suitable to 

provide a linear loss element, e.g. a A,/4 platelett, in 
the one resonator arm which is active in the pulse 
forming phase, which platelett provides for a high en- 
ergy accumulation in the laser crystal. 


For designing the laser arrangement as an all-in- 
one laser system, finally, it is also suitable if the 
pumping unit is a continuous wave diode pumping unit 
and, together with the polarization rotating means, 
forms a resonator part common to both resonator arms . 
Moreover, it is advantageous if the pumping unit is 
lamp-pumped or laser-pumped and, together with the po- 
larization rotating means, forms a resonator part com- 
mon to both resonator arms. 

In the following, the invention will be explained 
in more detail by way of a preferred exemplary embodi- 
ment illustrated in the drawing to which, however, it 
shall not be restricted. 

Fig. 1 shows a schematic short-pulse laser ar- 
rangement according to the all-in-one design; and 

Fig. 2 shows an associated diagram. 

In the drawing, in Fig. 1 an all-in-one short 
pulse laser arrangement is illustrated and generally 
denoted by 1 which comprises a pump unit 2 that con- 
tains a - merely schematically indicated - diode-pumped 
laser crystal 3. On the one side of this pumping unit 
2, a reonator end mirror 4 is provided. 

On the other side of the pump unit 2, a polariza- 
tion-sensitive beam divider 5 is provided which simul- 
taneously forms an out-coupling element for the 
amplified laser beam 6, as is schematically indicated 
by the arrow 7 . During its round trip in the indicated 


resonator, the laser beam 6 gets to a polarization ro- 
tating means in the form of a Pockels cell 8 which, as 
denoted at 9, can be electrically controlled in a man- 
ner known per se and therefore merely shortly explained 
in the following, so as to rotate the polarization of 
the laser beam 6 by 90°. 

In the path of the laser beam 6, there follows a 
further polarization-sensitive beam divider 10 which, 
depending on the polarization of the laser beam 6, al- 
lows the laser beam 6 to pass therethrough (i.e., in 
the one laser resonator arm 11) or reflects the same 
(i.e. in the other laser resonator arm 12). In Fig. 1, 
the polarization of the laser beam 6 in the one resona- 
tor arm 11 is schematically indicated by a double arrow 
and in the other resonator arm 12 by a dot in the cir- 
cle, the double arrow indicating that the polarization 
direction is in the plane of drawing, whereas the dot 
in the circle for the other resonator arm 12 indicates 
that the polarization direction of the laser beam 6 is 
perpendicular to the plane of drawing. 

In the one resonator arm 11, in the path of the 

laser beam 6 there follows a A./4 platelett 13 which in- 
troduces the required losses in the laser beam 6, 
whereafter the laser beam 6 is reflected by a mirror 14 
to a saturable semiconductor-absorber mirror 15 which 
is provided as means for passive mode-locking. Such 
saturable semiconductor absorber mirrors are known per 


se so that no further explanation is required. 

In the other resonator arm 12, the laser beam 6 is 
guided via four mirrors 16 to 19 so as to obtain the 
required length of travel, wherein the mirrors 17 and 
18 are spherical focussing mirrors, whereas mirrors 16 
and 19 are highly reflecting plane mirrors. 

As may be seen, the elements 4, 2, 3, 5, 8 thus 
together form a resonator part 20 which, depending on 
the polarization direction of the laser beam 6 at the 
beam divider 10, then either will be supplemented by 
the one resonator arm 11 or by the other resonator arm 
12 so as to form the entire laser resonator. The one 
laser resonator having the length LI thus is formed by 
the elements 4, 2, 3, 5, 8, 10, 13, 14 and 15, and it 
is responsible for the pulse build-up phase (pulse 
forming phase) 21 (cf. Fig. 2); the other resonator 
having the length L2 7 however, is formed by the ele- 
ments 4, 2, 3, 5, 8, 10, 16, 17, 18 and 19 and is re- 
sponsible for amplification (amplifying phase 22 in 
Fig. 2) . 

In the pulse forming phase 21 in which no voltage 
is applied to the Pockels cell 8, the one resonator arm 
11, as mentioned, is effective. The two beam dividers 5 
and 10 allow the laser beam 6 to pass therethrough, 
since the latter at this time is linearly polarized in 
the plane of the drawing, cf . the double arrows at the 

two beam dividers 5 and 10. The X/4 platelett 13 is ad- 


justed to introduce high losses into the system and 
thus to keep low the power level in the resonator 2 0-11 
and to cause a high inversion in the laser crystal 3. 
Since the saturable absorber mirror 15 is located in 
the one resonator arm 11, the desired short laser 
pulses develop. This is shown in Fig. 2 in the upper 
diagram line, in which the pulse intensity 1(3/4), 
measured at a site between the pump unit 2 with the la- 
ser crystal 3 and the end mirror 4, is drawn; as is ap- 
parent, the pulses having a distance ti = 2Ll/c 0 (with 
Co = laser beam speed) progressively become shorter. 
To switch over to the amplifying phase 22, a X/2 

voltage XJx /2 given by the respective Pockels cell 8 is 
applied to the Pockels cell 8, at 9 , by a per se common 
control electronic circuitry (cf. also the second line 
in Fig. 2 which shows the course of the voltage U PC at 
the Pockels cell 8 in dependence on the time t) . This 
control must be effected at a time Tl, at which the la- 
ser pulse which circulates in the resonator, is just on 
the right-hand side of the Pockels cell 8 according to 
the illustration in Fig. 1, i.e. in the region of the 
beam divider 5 or of the pump unit 2, respectively, or 
the end mirror 4, respectively. As a rule, a Pockels 
cell already contains a driver circuit in which such 
times can be adjusted. Thus, in Fig. 1 a rapid high 
voltage switch 23 is shown merely schematically, to 


which a high voltage Ux /2 is supplied at 24, and which 
has an associated circuit 25 for generating an electri- 
cal pulse to switch the high voltage switch 23, or the 
Pockels cell 8, respectively, at the times Tl and T2 , 
respectively. Fig. 1 moreover schematically shows an 
externally adjustable time control element 2 6 to thus 
indicate the adjustment of times Tl, T2 . Elements 23 to 
2 6 thus form an electronic control unit which is indi- 
cated at 27 in Fig. 1, which control unit is provided 
for switching the laser beam via the Pockels cell 8. 

If the laser pulse then reaches the Pockels cell 
8, due to the driving of the latter at time Tl (cf. 
also Fig. 2), the polarization is rotated by 90° so 
that it will extend perpendicular to the plane of draw- 
ing. The laser pulse then will no longer be allowed by 
the beam divider 10 to pass to the one resonator arm 11 
provided for the pulse forming phase 21, but it will be 
reflected to the other resonator arm 12, passing 
through the system comprising the mirrors 16 to 19 and 
finally being reflected by the beam divider 10 back to 
the Pockels cell 8 - where it is again rotated in its 
polarization by 90°. Since in this other resonator arm 
12 elements introducing losses are not contained, the 
energy of the laser pulses will be rapidly increased by 
any round trip, cf. also Fig. 2, first diagram line, 
graph of the pulse intensity I (3/4) . 

When the pulse energy has reached its saturation 


value, the Pockels cell 8 is switched off. This switch- 
ing off is effected at a time T2 at which the laser 
pulse is at the left of the Pockels Cell 8, i.e. in the 
other resonator arm 12 provided for the amplifying 
phase 22. If the laser beam 6 now passes the Pockels 
cell 8 arriving from the left-hand side, the polariza- 
tion will no longer be rotated by 90° (i.e. into the 

plane of drawing) , since the voltage Ux /2 has already 
been switched off by the Pockels cell 8 (i.e., the 
voltage U PC at the Pockels cell 8 is 0 V again) ; since 
the polarization now has remained perpendicular to the 
plane of drawing, the laser pulse is coupled out by be- 
ing reflected at the beam divider 5, cf . the arrow 7, 
instead of being allowed to pass to the pump unit 2. 
This amplified output pulse is illustrated in the third 
diagram line of Fig. 2, for the intensity 1(7) of the 
pulse at outcoupling, cf . arrow 7 in Fig. 1. 

In the system described the polarization within 
laser crystal 3 will always remain the same (i.e., ac- 
cording to the illustration of Fig. 1, in the drawing 
plane) so that any laser medium may be used without 
having to take into consideration a polarization-de- 
pendent amplification. 


Claims : 


1. A laser arrangement (1) comprising a pump unit (2) 
containing a pumped laser crystal (3), and further com- 
prising means (15) for passive mode-locking, character- 
ized in that two separate, alternatively switchable 
resonator arms (11, 12) are provided, one resonator arm 
(11) of which, which is active in a pulse forming phase 
(21), comprises the means (15) for passive mode-lock- 
ing, whereas the other resonator arm (12), which is ac- 
tive in an amplifying phase (22), is free from 
components that introduce losses. 

2. A laser arrangement according to claim 1, charac- 
terized in that at least one polarization-sensitive 
beam divider (10) as well as a polarization rotating 
means (8) is provided for switching between the two 
resonator arms (11, 12) . 

3 . A laser arrangement according to claim 2 , charac- 
terized in that the polarization rotating means (8) is 
formed by a Pockels cell. 

4. A laser arrangement according to claim 2 or 3, 
characterized in that a respective polarization-sensi- 
tive beam divider (10, 5) is provided in the path of 
the laser beam (6) on both sides of the polarization 


rotating means (8) . 


5. A laser arrangement according to claim 4, charac- 
terized in that on the side of the polarization-rotat- 
ing means (8) opposite to the means (15) for passive 
mode-locking, the polarization-sensitive beam di- 
vider (5) simultaneously forms a laser beam-outcoupling 
element . 

6 . A laser arrangement according to any one of claims 
1 to 5, characterized in that the means for passive 
mode-locking is a saturable absorber (15) . 

7. A laser arrangement according to claim 6, charac- 
terized in that the saturable absorber (15) is a 
saturable semiconductor absorber. 

8. A laser arrangement according to claim 6 or 7, 
characterized in that the saturable absorber (15) is an 
absorber mirror terminating the one resonator arm (11) . 

9. A laser arrangement according to any one of claims 
1 to 8, characterized in that in the one resonator arm 
(11) which is active in the pulse forming phase (21) , a 

linear loss element, e.g. a X/4 platelett (13), is ar- 
ranged which provides for a high energy accumulation in 
the laser crystal (3) . 


10 . A laser arrangement according to any one of 
claims 2 to 9, characterized in that the pump unit (2) 
is a continuous wave diode pump unit forming, in combi- 
nation with the polarization rotating means (8), 

a resonator part (20) common to both resonator arms 
(11, 12) . 

11. A laser arrangement according to any one of 
claims 2 to 10, characterized in that the pump unit (2) 
is lamp-pumped or laser-pumped, forming, in combination 
with the polarization rotating means (8), a resonator 
part (20) common to both resonator arms (11, 12). 


Abstract 

A Laser Arrangement 
A laser arrangement (1) comprising a pump unit (2) 
containing a pumped laser crystal (3), and means, such 
as a saturable absorber (15) , for passive mode-locking, 
wherein two separate, alternatively switchable resona- 
tor arms (11, 12) are provided, one resonator arm (11) 
of which, which is active in a pulse forming phase 
(21), comprises the saturable absorber (15), whereas 
the other resonator arm (12), which is active in an am- 
plifying phase (22), is free from components that in- 
troduce losses. 
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